SUMMARY One hundred and seventy-five human sera were tested for the presence of typespecific antibodies against L pneumophila serogroups 1 to 6 and the Leiden-1 strain by means of an enzyme linked immunosorbent assay (ELISA) and compared with the results obtained by the indirect immunofluorescence assay (IFA). A high correlation (correlation coefficient 092) between both methods was found. No consistent pattern of IgG, IgA and IgM classes of antibody titres against L pneumophila were found. In the sera of 15 of 17 patients with a proven L pneumophila pneumonia, IgM class antibodies against L pneumophila could be detected. A "polyvalent" ELISA was developed which permits rapid routine screening of human sera for antibodies against L pneumophila serogroups 1 to 6 and the Leiden-1 strain.
Since the discovery in 1977 of Legionella pneumophila as the causative agent of pneumonia among American Legion members attending a convention in Philadelphia in 1976, many investigators have studied the bacterium and the infection it produces.
Up to now at least six different serotypes of L pneumophila have been identified. ' A variety of methods for the serodiagnosis of infections caused by L pneumophila has been published. These include microagglutination,4 immune adherence haemagglutination,5 indirect haemagglutination,5 indirect immunofluorescence assay6 and ELISA.47 Of these methods the indirect immunofluorescence assay (IFA) is most commonly used. However, this assay is rather laborious and requires skilled laboratory personnel for reading the test. In 1978 Farshy et al4 reported an enzyme linked immunosorbent assay (ELISA) for the detection of antibodies against L pneumophila serogroup 1. Recently, Wreghitt et al7 compared several antigen preparations of L pneumophila serogroup 1 for use Accepted for publication 6 June 1983 in ELISA for the detection of antibodies against serogroup 1.
The purpose of this study was to develop an ELISA in which antibody titres against L pneumophila serogroups 1-6 and the Leiden-l strain8 were comparable to those obtained in the IFA. Furthermore, the appearance of L pneumophila specific IgG, IgM and IgA class antibodies in relation to the time course of infection was studied in a number of human sera.
For screening purposes a "polyvalent" ELISA was developed by which sera can be assayed for antibodies against a mixture of serogroups of L pneumophila.
Material and methods

PREPARATION OF ANTIGEN
The following L pneumophila strains obtained from the Centers for Disease Control, were grown on buffered charcoal yeast extract agar9: L pneumophila serogroup 1 (Philadelphia 1 strain); serogroup 2 (Togus 1); serogroup 3 (Bloomington 2); serogroup 4 (Los Angeles 1); serogroup 5 (Dallas 1); and serogroup 6 (Chicago 2). In addition a strain that 1246
Detection of antibodies against L pneumophila serogroups 1-6 and the Leiden-] Thereafter the slides were washed three times for 5 min with PBS and dried. The slides were covered with FA mounting medium (Flow Laboratories, Scotland) and the results were read using a Leitz Dialux fluorescence microscope.
SENSITISATION OF MICRO-ELISA PLATES
Antigen suspension (0-1 ml) was added to each well of polystyrene micro-ELISA plates (Dynatech, Switzerland). Optimal dilutions of the L pneumophila stock antigen suspensions, determined by block titration of the stock suspension using a positive and negative control serum, were found to be 1/100 for serogroups 1, 2 and 3, 1/50 for serogroup 4, 1/10 for serogroup 5, 1/5 for serogroup 6 and 1/75 for the Leiden-1 strain. Antigen dilutions were made in coating buffer (1-5 mM Na,CO,, 3-5 mM NaHCO3, 3 mM NaN3, pH 9.6). Sensitisation of the plates was performed by drying the plates using hot air from a hair-dryer.
Coated plates were used either directly or stored at 4°C after sealing with Cooke microtitre plate sealers (Dynatech, Switzerland). Plates can be stored for at least four weeks without loss of activity. ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) Before use sensitised plates were washed four times with washing buffer (PBS pH 7-2 containing 0-05% (vol/vol) Tween-20) using a Titertek Multiwash (Flow Laboratories, Scotland). Thereafter 0-1 ml of serum diluted with PBS containing 1 % (wt/vol) BSA (Sigma, St Louis) and 0-05% (vol/vol) (Merck, Munich) were added. Patients sera were assayed in duplicate at dilutions of 1/32 and 1/128. As positive controls for coating, hyperimmune sera raised in rabbits against L pneumophila serogroups 1-6 and the Leiden-1 strain were added in twofold serial dilutions.
The plates were then incubated for one hour at 37°C. After washing three times with washing buffer, 0* 1 ml of conjugate (peroxidase-labelled sheep antihuman total immunoglobulin when human sera were tested and peroxidase-labelled sheep antirabbit IgG when rabbit sera were tested) diluted 1/1000 with PBS pH 7-2 containing 4% (wt/vol) BSA and 0-05% (vol/vol) Tween-20, was added to each well. After one hours incubation at 37°C the plates were washed four times with washing buffer as described before. Thereafter 0-1 ml of a freshly prepared substrate solution (80 mg 5-amino 2-hydroxybenzoic acid in 100 ml distilled water adjusted to pH 6.0 with 1 N NaOH, containing 0-6 ml 3% H202) was added to each well and the plates were placed at room temperature in the dark. After one hour the reaction was stopped by addition of 25 ,ul 2 N NaOH. Absorption was read at 492 nm using a Titertek Multiskan (Flow Laboratories, Scotland).
ELISA titres were determined by extrapolation of the absorbance value of the individual sera on the 
COMPARISON OF IMMUNOGLOBULIN CLASSES
To determine the immunoglobulin classes of antibodies to L pneumophila 22 positive sera were tested in an ELISA against the serogroup of L pneumophila against which the principal reactivity was directed using IgG-, IgA-and IgM-specific conjugates (Table 3) . Using ELISA 13 sera showed antibodies of more than one immunoglobulin class; nine sera showed antibodies of only one immunoglobulin class 3 IgG-specific).
L pneumophila specific antibodies of the IgM 
Discussion
Previous studies4 7 have shown that the ELISA technique can readily be applied to the detection of antibodies in human sera against L pneumophila serogroup 1. We have confirmed and extended these studies by showing that the ELISA technique can also be applied to the detection of antibodies to L pneumophila serogroups 2-6 and the Leiden-1 strain. Moreover, a polyvalent ELISA is described which permits the rapid screening of human sera for L pneumophila specific antibodies using microtitre plates coated with a mixture of seven different serogroups.
A high correlation between the ELISA and the IFA was obtained for all sera tested (correlation coefficient r, = 0.92). For sera from patients with a proven L pneumophila pneumonia a correlation coefficient (re) of 0-93 was found. In view of these findings it seems that the ELISA is almost as sensitive as the IFA. *ELISA titres were determined by extrapolation of the absorbance value obtained for the 1/32 and 1/128 serum dilution on a standard curve obtained from a positive control (see Figure) . The mean absorbance of 37 sera from healthy individuals was used as a threshold value. Spearman's rank correlation coefficient was 0-92 (p < 0.001). Only a limited number of human negative control sera were used to determine the upper limit of normal antibody titre against L pneumophila in the ELISA. However, in addition to these negative sera, we found during the course of this study that the sera of 51 patients with a pneumonia caused by bacteria other than L pneumophila were negative in both assays.
In the sera of two patients with a culture proven L pneumophila infection no detectable antibodies against L pneumophila could be demonstrated both in the ELISA and the IFA at six days or 22 days after the onset of disease. One patient (patient 1, Table 2 ) died on the seventh day of illness. Most likely in this short period of time the patient had not developed detectable antibodies against L pneumophila. The other patient (patient 2, Table 2 ) suffered from Hodgkin's disease, stage IV, and was treated with cytostatic drugs and glucocorticosteroids, which may have resulted in impaired antibody formation. '4 The detection of antigen specific IgM antibodies has been used for the rapid serodiagnosis of microbiological infections.'5 The appearance of L pneumophila specific antibodies of IgG, IgM and IgA class has not been fully characterised in relation to the time course of infection. '6 17 Using ELISA we could detect IgM antibodies against L pneumophila in 15 of 17 patients tested. In sera obtained from these patients within 30 days after onset of disease IgM antibody titres generally were higher than IgG antibody titres.
It has been reported'2 that L pneumophila has antigenic determinants in common with other Gram-negative bacteria. IgG class antibodies reactive with L pneumophila therefore might be the result of a previous infection with other Gramnegative bacteria. Determination of immunoglobulin classes therefore may be useful for the serodiagnosis of L pneumophila infection on a single serum specimen.
For two patient sera (patient 11 and 14) absorbance values obtained in the IgG class-ELISA were rather low. These sera when tested in serial twofold dilutions showed a plateau with a low absorbance value. These sera contained high levels of IgM class anti L pneumophila antibodies. Absorption of one of these sera with Sepharose beads to which sheep antihuman IgM had been coupled yielded much higher absorbance values (absorbance increased from 0*23 to 0.56) in the ELISA for L pneumophila specific IgG antibodies. Apparently available L pneumophila antigen binding sites on the microtitre plates are preferentially occupied by antibodies of the IgM class. Therefore, for sera containing high levels of L pneumophila specific IgM antibodies separation of IgG class antibodies from IgM class antibodies should be performed in order to obtain reliable IgG antibody titres.
To detect all seropositive L pneumophila infections it is necessary to test sera against all known serogroups. To decrease the workload and the expense of testing against all serogroups we developed an ELISA for screening of sera using a polyvalent L pneumophila antigen preparation. The sensitivity and reliability of the polyvalent ELISA proved to be comparable to the ELISA using single serogroups. The polyvalent ELISA, therefore, is a reliable tool for the rapid routine screening of human sera for antibodies against L pneumophila.
From the results obtained in this study we developed a general protocol for testing sera from cases of suspected L pneumophila infection.
In the first step sera are tested in a 1/32 dilution in duplicate in the polyvalent ELISA using pooled normal human serum as a negative control. Sera revealing antibody titres >32 are assayed in serial twofold dilutions against individual serogroups of L pneumophila using the polyvalent peroxidase labelled antihuman total immunoglobulin conjugate. Positive sera are first screened to find against which serogroup the antibody level is highest after which immunoglobulin classes are determined only against that serogroup.
For paired sera a fourfold increase in antibody titre is considered to be evidence of L pneumophila
